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Abstract 
Methods for the estimation of strain life fatigue parameters from monotonic properties are usually evaluated for a wide range of 
fatigue lives and materials. Authors propose estimation methods to be evaluated separately for low- and high-cycle fatigue 
regimes and for more subgroups of materials, with regard to their monotonic properties. To test the hypothesis, three methods 
(Uniform Material Law, Median Method and Roessle-Fatemi's Hardness Method) were evaluated using a test dataset of 32 
differently heat-treated low-alloy 42CrMo4 steels. Results indicate that existing estimation methods should be re-evaluated to 
determine more precisely their applicability for different materials and fatigue regimes. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
In calculation of fatigue lives of mechanical structures and components loaded with either constant and/or 
variable amplitude loading, knowledge of material properties is essential. With the continuous development of CAE 
software tools and their wide availability, fatigue analyses are performed ever earlier in product development. 
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c fatigue ductility exponent 
E Young’s modulus 
Ef error criterion 
Ea goodness of fit 
HB Brinell hardness 
Nf number of load cycles to crack initiation 
Nf,exp experimentally obtained number of load cycles to crack initiation 
Nf,est estimated number of load cycles to crack initiation 
R coefficient of correlation 
Rm ultimate strength 
'H total strain range 
'He elastic strain range 
'Hp plastic strain range 
Hf true fracture ductility 
Hf' fatigue ductility coefficient 
Vf' fatigue strength coefficient 
H abbreviation for Hardness Method  
UML abbreviation for Universal Material Law 
M abbreviation for Median Method 
 
Fatigue testing of different candidate materials, although it would be the most accurate, is not an option during 
early stages of product development, because it is both time-consuming and expensive. Thus, fatigue parameters are 
often estimated from material's monotonic properties in these and similar cases. 
Over the last 50 years, a number of methods and approaches [110] were proposed for the estimation of strain life 
fatigue parameters (Vf', b, Hf' and c) which appear in the well-known Basquin-Coffin-Manson's equation [1] 
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The accuracy of fatigue analyses depends strongly on the quality and the accuracy of used material properties 
[11]. If estimation methods are used to obtain the necessary material data, improving the criteria and procedures for 
evaluation of the performance of these methods becomes increasingly important, in order to facilitate the selection of 
the most adequate method for a given purpose. Hence, along with new estimation methods, a number of different 
evaluation criteria and methodologies were also developed and proposed in the literature. Their brief overview is 
given below. 
2. Existing evaluation criteria and methodologies 
For the purpose of evaluation of the Original Universal Slopes Method and Four-Point Correlation Method, both 
proposed by Manson in 1965 [1], he compared experimentally determined numbers of load cycles Nf,exp with 
estimated number of load cycles to crack initiation Nf,est by plotting them in corresponding diagram (Nf,exp–Nf,est). 
The same was done for measured values of total strain range 'Hexp and those calculated using estimated fatigue 
parameters 'Hest. In addition to that, percentages of data points falling within scatter bands for cyclic life factors of 
1,5, 2, 5, 10 and 20 as well as for strain range factors of 1,1, 1,2, 1,5, 2 and 5 were calculated. These numerical 
values enabled a direct comparison of different estimations and provided straightforward information on 
performance of estimation method in question. Evaluations were performed for all materials and for the complete 
range of fatigue lives (low-cycle and high-cycle) at once. 
The methodology and parameters used by Manson were subsequently used in a number of papers in which 
different authors proposed new estimation methods and compared them to other methods [3], [5], [6], [12].  
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Meggiolaro and Castro [7] performed statistical analyses of experimental and estimated fatigue life data and used 
probability density function to evaluate different estimation methods and their suitability for different materials 
groups. Complete ranges of fatigue lives and all materials belonging to a single group were considered. 
Park and Song [13] recognized that existing evaluation criteria are not sufficient to adequately evaluate 
estimation methods and proposed some additional ones:  
x Error criterion i.e. fraction of data points within a scatter band with factor of s, Ef (s): 
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x Goodness of fit between the predicted and experimental values for individual datasets, (Ea)Dset: 
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where NDset is the number of individual datasets, and αi and βi are regression coefficients for the i-th individual 
dataset according to the regression equation 
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and Ri is the corresponding coefficient of correlation 
x Goodness of fit between the predicted and experimental values for all data points, (Ea)total: 
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where αtotal, βtotal and Rtotal are the same coefficients as above obtained for all data points. 
x Average value of the above three parameters, Ē: 
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The criteria (2), (3), (5) and (6) enable more detailed evaluations of estimation methods in a quantitative manner 
and were used in a number of works proposing or evaluating estimation methods [11], [14], [15]. 
3. Proposal of a detailed evaluation procedure 
Regardless of criteria which were applied in them, a common point of all evaluations done in mentioned papers is 
that no attempt was made to check the suitability of any estimation methods for specific regions of fatigue lives 
(low-cycle or high-cycle). As for suitability of estimation methods for particular material(s), fatigue parameters 
estimation was evaluated separately for individual material groups (unalloyed, low-alloy and high-alloy steels, 
aluminium alloys, titanium alloys), but no division of mentioned materials into subgroups with regard to their 
monotonic properties such as hardness or ultimate strength was done. Only in some of the mentioned papers 
comments and conclusions of limited scope can be found regarding the applicability of evaluated estimation methods 
for specific fatigue regime and specific material, and these were drawn from results obtained from the analysis of all 
data. 
It is opinion of the authors that analyses performed on bulk of material data tend to give only averaged 
evaluations and that only generalized conclusions on the fitness of estimation method can be drawn from them. 
Hence it is suggested that, when evaluating estimation methods, detailed analyses should be performed dealing 
separately with low-cycle and high-cycle fatigue lives and with at least two separate material subgroups, which can 
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be formed on the basis of values of their monotonic properties such as hardness or ultimate strength. In order to test 
this hypothesis, two evaluations of the applicability of selected methods for fatigue properties estimation for a 
particular material were performed: one by implementing the common approach and the other, where proposed 
detailed approach is used. 
4. Evaluation and results 
4.1. Material data 
For the purpose of this evaluation, required material data were acquired from various sources [16–20] for a total 
of 32 normalized and quenched and tempered high-strength low-alloy 42CrMo4 steels (AISI4140, AISI 4142) 
which are given in Table 1. Strain life fatigue testing on all materials was performed at room temperature. Values of 
Brinell hardness HB and ultimate strength Rm cover rather wide range, from 199 HB to 670 HB and from740 Nmm-2 
to 2446 Nmm-2, respectively.  
Table 1. Material properties and parameters of selected 42CrMo4 steels. 
Brinell 
hardness   
HB, HB 
Ultimate 
strength     
Rm, Nmm–2 
Young's 
modulus      
E, Nmm–2 
Fatigue 
ductility 
coefficient   
Hf' 
Fatigue 
ductility 
exponent     
c 
Fatigue 
strength 
coefficient 
Vf', Nmm–2 
Fatigue 
strength 
exponent     
b 
Source 
220 740 190500 46,512 –1,001 1001 –0,111 [16] 
220 740 190500 19,095 –0,936 894 –0,094 [16] 
199 735 190500 2,251 –0,837 1036 –0,091 [16] 
276 925 206000 0,6453 –0,6449 1338 –0,089 [18] 
290 940 190500 37,3559 –1,301 1675 –0,115 [16] 
290 940 190500 11,431 –1,02 1481 –0,112 [16] 
293 848 207000 2,36 –0,765 1163 –0,062 [19] 
332 1120 190500 0,462 –0,787 1435 –0,077 [16] 
332 1120 190500 0,3519 –0,642 1166 –0,057 [16] 
332 1111 211400 1,508 –0,716 1454 –0,075 [16] 
332 1111 211400 0,045 –0,383 1234 –0,076 [16] 
332 1111 211400 0,271 –0,519 1034 –0,044 [16] 
343 1100 206000 0,18 –0,53 1154 –0,061 [20] 
381 1410 206842 0,45 –0,75 1827 –0,08 [17] 
381 1413 207000 0,637 –0,761 2143 –0,094 [19] 
400 1551 200000 1,195 –0,859 1787 –0,084 [19] 
400 1550 199000 1,42 –0,88 1796 –0,08 [16] 
450 1760 206842 0,4 –0,73 2000 –0,08 [17] 
450 1758 207000 0,706 –0,869 1937 –0,076 [19] 
450 1929 200000 2,62 –0,972 2079 –0,086 [19] 
450 1757 206000 0,85 –0,9 2017 –0,08 [16] 
450 1929 199000 3,44 –1,01 1804 –0,07 [16] 
475 1930 206842 0,09 –0,66 2172 –0,081 [17] 
475 1929 200000 0,331 –0,854 2161 –0,081 [19] 
475 1929 206000 0,68 –0,98 2209 –0,08 [16] 
475 2032 199000 2,75 –1,2 2036 –0,08 [16] 
475 2033 200000 0,4 –0,867 1832 –0,07 [19] 
526 1789 201000 0,4 –0,73 2690 –0,08 [18] 
560 2240 199948 0,07 –0,76 2654 –0,076 [17] 
560 2239 206000 0,07 –0,81 3247 –0,12 [16] 
670 2248 200000 0,003 –0,436 2549 –0,078 [19] 
670 2446 199000 0,06 –1,47 2727 –0,08 [16] 
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4.2. Evaluated estimation methods 
Three well–known estimation methods for estimation of strain life fatigue parameters were selected for validation 
of proposed detailed evaluation methodology: 
x Uniform Material Law proposed by Bäumel and Seeger [4] for unalloyed and low–alloy steels:  
    58,0f087,0fm 259,025,12   
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x Hardness Method by Roessle and Fatemi [6] for steels with Brinell hardness between 100 HB and 700 HB: 
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x Median Method proposed by Meggiolaro and Castro [7] for steels:  
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All three estimation methods were previously evaluated in [13] and [14], and the results of these evaluations 
indicate that all three methods are suitable for low–alloy steels, to which 42CrMo4 steel belongs. An additional 
prerequisite was that monotonic properties required by all three methods are available for all 32 acquired steels. 
4.3. Evaluation criteria and methodology 
For the evaluation of the selected three estimation methods, the criteria proposed by Park and Song [13] 
previously quoted in section 2 were used. Numbers of load reversals to crack initiation 2Nf were obtained for all 32 
materials, by iteratively solving equation (1) for a total of 8 different values of total strain amplitudes 'H/2: 0,25 %, 
0,3 %, 0,35 %, 0,4 %, 0,45 %, 0,5 %, 0,9 % and 1,5 %. Using experimentally obtained values of fatigue parameters 
Vf', b, Hf' and c, values of 2Nf,exp were calculated, and values of 2Nf,estH, 2Nf,estUML and 2Nf,estM were calculated using 
fatigue parameters obtained with three estimation methods being evaluated. Data pairs (2Nf,exp, 2Nf,estH), (2Nf,exp, 
2Nf,estUML) and (2Nf,exp, 2Nf,estM) were then formed. 
It must be noted that for some materials and strain amplitudes, unrealistically high values of load reversals 2Nf,exp 
were calculated (even higher than 107 for smallest values of strain amplitudes). All values of 2Nf,exp higher than 
5·106 and corresponding data pairs (2Nf,exp, 2Nf,est) were discarded and excluded from the analysis. 
To facilitate the proposed detailed evaluation, materials were divided so that materials with Brinell hardness 
lower than 400 HB (i.e. Rm d 1500 Nmm–2) were designated as "SOFT" group, while the remaining ones were 
designated as "HARD" group. The complete range of fatigue lives was also divided into two groups, where "LCF" 
group (low–cycle fatigue) comprised fatigue lives data pairs (2Nf,exp ; 2Nf,est) with 2Nf,exp d 20000 and "HCF" 
subgroup (high–cycle fatigue) comprised data pairs (2Nf,exp ; 2Nf,est) with 2Nf,exp > 20000. 
In order to determine how the proposed detailed evaluation methodology compares to common evaluation 
procedure, a control group containing fatigue lives data pairs (2Nf,exp ; 2Nf,est) calculated for all materials and for the 
complete range of fatigue lives (2Nf,exp d 5·106) was formed and designated as "ALL".  
4.4. Results and discussion 
Fatigue lives data pairs (2Nf,exp, 2Nf,est) calculated as specified in previous section were grouped into 5 data 
groups in the following way:  
x "ALL" group, consisting of fatigue lives of all 42CrMo4 steels over the whole fatigue life region, 
x "SOFT"–"LCF" group, consisting of low–cycle fatigue lives of 42CrMo4 steels with HB < 400 HB, 
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x  "SOFT"–"HCF" group, consisting of high–cycle fatigue lives of  42CrMo4 steels with HB < 400 HB, 
x "HARD"–"LCF" group, consisting of low–cycle fatigue lives of  42CrMo4 steels with HB t 400 HB, 
x  "HARD"–"HCF" group, consisting of high–cycle fatigue lives of  42CrMo4 steels with HB t 400 HB. 
 
Using numbers of load reversals 2Nf,exp, 2Nf,estH, 2Nf,estUML and 2Nf,estM, all evaluation criteria were calculated for 
all three estimation methods and for each data group and plotted in diagrams on Figures 1-4. Values of individual 
evaluation criteria calculated for each of the estimation methods are clustered together to facilitate comparisons. 
 
Fig. 1. Values of criteria Ef (s=3), (Ea)total, (Ea)Dset and Ē calculated for Hardness Method (H), Uniform Material Law (UML) and Median Method 
(M) for all materials and all fatigue lives data pairs (ALL group)  
 
Fig. 2. Relationship between numbers of load reversals to crack initiation calculated using fatigue parameters obtained experimentally, 2Nf,exp 
and estimated with Hardness Method (H), Uniform Material Law (UML) and Median Method (M), 2Nf,est 
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Fig. 3. Values of criteria Ef (s=3), (Ea)total, (Ea)Dset and Ē calculated for Hardness Method (H), Uniform Material Law (UML) and Median Method 
(M) for "SOFT" material group separately for low–cycle and high–cycle regime  
 
Fig. 4. Values of criteria Ef (s=3), (Ea)total, (Ea)Dset and Ē calculated for Hardness Method (H), Uniform Material Law (UML) and Median Method 
(M) for "HARD" material group separately for low–cycle and high–cycle regime 
Figure 1 shows results obtained for "ALL" group. From the diagram, it can be concluded that for 42CrMo4 
steels, Hardness Method and Universal Material Law give better results than Median Method. For Hardness Method, 
percentage of data points falling within fatigue life scatter band with factor of 3 is significantly higher than for the 
other two methods, indicating more precise estimation, while high value of (Ea)total obtained for Universal Material 
Law suggests good life predictions over a wider fatigue life range. With exception of Median Method, other criteria 
have similar values and it is not possible to deduce more detailed information only from these results.  
Diagrams relating 2Nf,exp and 2Nf,est are commonly plotted separately for each estimation method and are then 
used in their comparisons. Due to the limited space available in this paper, single diagram was used for all three 
estimation methods and is shown in Figure 2. Only vague information on how well experimental and estimated 
fatigue lives correlate in different fatigue regimes can be deduced from this graphical representation as data 
corresponding to particular materials or material groups are very difficult to discern. 
Figures 3 and 4 show results obtained for individual data groups and from them, more detailed information is 
immediately obvious. Hardness Method gives quite consistent results, except of some poorer values obtained for 
high cycle behaviour of materials with lower hardness (extremely low (Ea)total). Estimations obtained with Universal 
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Material Law and Median Method, differ drastically for material groups with different hardness values. While it is 
still possible to get some estimations of LCF behaviour of hardened 42CrMo4 steels using Universal Material Law, 
fatigue properties of these steels should under no circumstances be estimated using Median Method. 
5. Conclusion 
Even though analysis was performed on a consistent group of materials (32 differently heat-treated low-alloy 
42CrMo4 steels), presented results and observations reveal that if evaluation of estimation methods is performed for 
materials with a wide range of monotonic mechanical properties and the whole range of fatigue lives, significant 
differences in their performance can go unnoticed due to the strong averaging of results. It was confirmed that, in 
order to prevent averaging and to increase their accuracy and reliability, evaluations of estimation methods need to 
be performed for specific ranges of fatigue lives and material properties. Hence, existing estimation methods should 
be re-evaluated in order to determine more precisely their applicability for the estimation of fatigue behaviour of 
different materials (steels, Ti and Al alloys) in different fatigue regimes (low– and high–cycle fatigue) which will be 
done in further publications. Although focus of the presented work were not individual evaluation criteria but the 
development of detailed evaluation methodology, the results also reveal that the meaning and practicality of four 
criteria proposed by Park and Song [13] (particularly the Goodness of fit for individual datasets, (Ea)Dset) should also 
be further analysed and discussed in more detail. Initial work in this regard has already been performed, and an 
additional criterion for the evaluation whether estimations are conservative or non–conservative is being developed 
and prepared for publication in an extended paper. 
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